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DESIGN  OP  AN  OPEN  SPANDREL  REINFORCED 
CONCRETE  BRIDGE  WITH  SOLID  RIB  AND 
DIAPHRAGMS  -  310'  SPAN  AND  44!  RISE. 

-METHOD  OF  DESIGN- 

The  method  used  in  the  design  and  analysis  this 
arch  was  that  given  by  Turneaure  and  Maurer  in 
their  treatise  on  "Principles  of  Reinforced  Con- 
crete." This  application  of  the  theory  of  the 
arch  was  followed  throughout. 

-THE  ARCH  RIB- 

In  the  design  or  any  bridge,  certain  assumption* 
must  he  made;  this  fact  feeing  more  manifest  in  the 
case  of  a  concrete  or  masonary  arch  rib.   It  is 
the  usual  custom  to  assume  a  preliminary  design 
made  by  the  aid  of  approximate  or  empirical  rules 
or  by  reference  to  the  proportions  of  existing 
archeg.  This  arch  is  then  analyzed  and  the  results 
used  in  correcting  the  design,  the  corrected  design 
may  then  inturn  fee  analyzed,  if  it  departs  too 
greatly  from  the  first  assumed. 
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To  "begin  with  we  agreed  to  make  the  arch  ri"b 
solid  instead  of  using  separate  aroh  rings,  as 
has  been  the  comman  practise  in  most  concrete 
bridges  and  viaducts.   The  spandrel  were  also  made 
solid.   These  assumptions  simplify  the  design 
somewhat  as  the  dead  load  and  live  load  were 
concentrated  uniformly  over  the  rib.   The  thic- 
ness  of  the  rib  at  the  crown  was  assumed  3  ft. 
and  at  the  haunch  as  5  ft.  The  roadway  is  sup- 
ported on  spacndrel  walls  18  inches  thick  resting 
upon  the  aroh  rib.   The  spacing  of  the  diaphragms 
was  assumed  as  15  ft.  making  the  distance  be- 
tween springing  lines  r>iO  ft.  The  rise  of  the 
arch  at  the  crown  was  taken  as  44* 0".  The  spandrel 
walls  at  the  crown  is  S'O"  fro.,  the  axis  of  the 

arch  to  the  underside  of  the  floor  beam.  The  arch 
was  designed  with  .5#  of  steel  reinforcement  above 
and  below  the  axis. 
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NOTATION-  (See  Plate  1. ) 
Let  He«thrust  at  the  crown; 
\  ■=.  shear  at  the  crown; 

M  «  bending  moment  at  the  crown,  assumed  as 
positive  when  causing  compression  in 
the  upper  fibres; 
N,v,&  U    a-  thrust,  shear,  and  moment  at  any  flection; 
R  ,_  Resultant  pressure  at  any  section 

resultant  of  N  atti  V; 
ds  «r  lenglitof  a  division  of  the  arch  ring 
measured  along  the  arch  axis; 
n  »  number  of  divisions  in  one  half  of  the 

arch; 

tA  »  moment  of  inertia  of  any  section; 

P  =  any  load  on  the  arch; 

x,y  x co-ordinates  of  any  point  on  the  arch 
axis  referred  to  the  crown  as  origin, 
and  all  to  be  considered  £\s  positive 
insign; 

m  &  bending  moment  at  any  point  in  the  canti- 
lever, due  to  external  loads. 
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f       Theoretically  the  gain  in  economy  by  the  use  ©f 
steel  in  the  concrete  arch  is  not  great,  If  the 
pressure  line  is  net  depart  from  the  middle  third, 
the  steel  reinforces  only  in  compression  and  in  this 
respect  is  not  as  economical  as  concrete.   if  the 
line  of  pressure  deviates  farther  from  the  center, 
resulting  in  tensile  tresses  in  the  steel,  the 
conditions  are  such  that  these  stresses  must  be 
provided  for  by  use  of  the  steel  at  very  low  working 
values*  That  is  to  say,  the  direct  compression  in 
the  arch  is  so  large  a  factor  that  the  limiting 
stresses  in  the  concrete  will  always  result  in  very 
.  small  unit  tensile  stresses  in  the  steel  where  any 
tension  exists  at  all. 

Practically  the  value  or  reinfocement  is  very 
considerate.  It  renders  an  arch  of  much  more  secure 
and  reliable  structure,  it  greatly  aids  in  prevent- 
ing cracks  due  to  any  slight  settlement,  and  by 
furnishing  a  form  of  construction  of  greater  reli- 
ability makes  possible  the  use  of  working  stresses 

#  Page  353-  lurneaure  and  Maurer. 


In  the  concrete  considerably  higher  than  is 
usual  in  plain  masonary.  Furthermore,  in  long  spans 
suoh  as  ours,  where  the  dead  load  constitutes  "by 
far  the  larger  part  of  the  load,  any  possible  in- 
crease in  average  working  stress  counts  greatly 
toward  economy.   It  affects  not  only  the  arch  but 
the  abutment  and  foudation. 

The  roadway  was  made  3010"  from  curb  to  curb, 
le  ving  room  for  two  trades  for  an  electric  rail- 
way. The  roadway  is  to  be  paved  with  asphalt  hav- 
ing a  two  inch  cushion  of  sand.  The  sidewalks  are 
10' 0"  wide  supported  by  cantilever  brackets.  The 
sideralk  is  to  be  furnished  with  a  concrete  railing 
having  a  post  at  each  panel  point.  An  electric  lamp 
is  to  be  placed  at  every  other  post. 

-DESIGN- 
The  analysis  of  any  arch  consists  in  the  deter- 
mination of  forces  acting  at  any  section  usually 
expressed  as  the  thrust,  the  shear  and  the  bending 
moment  at  that  point. 


. 


The  thrust  we  use,  was  taken  to  be  the  com- 
ponent of  the  resultant  parallel  to  the  arch,  axis 
at  the  given  point  and  the  shear  is  the  coraponen  t 
at  right  angles  to  such  axis.  The  thrust  causes 
simple  compressive  tresses;  the  shear  causes  stress- 
es similar  to  those  produced  by  the  vertical  shear 
in  a  simple  beam.  The  method  of  procedure  will 
be  to  determine  first,  the  thrust,  shear,  and  bend- 
ing moment  at  the  cj»own.  These  being  known,  the 
values  of  similar  quantities  for  any  other  section 
can  readily  be  calculated. 

Before  any  of  the  above  mentioned  values  can 
be  determined  the  arch  ring  has  to  be  divided  into 
preliminary  and  final  divisions,  the  centra* 
points  of  which  we  investigate  for  shear  etc.  in 
most  cases  the  depth  of  the  arch  ring  increases 
from  crown  towards  springing  line  giving  a  variable 
moment  of  inertia.  Considering  the  concrete  only 
the  moment  of  inertia  will  increase  as  d  so  that 
comparitively  small  < hange  in  depth  will  oause  a 
large  change  in  moment  of  inertia. 


' 

. 
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To  maintain  ds/l  constant,  the  value  of  ds  will 

therefore  ne  much  greater  near  the  springing  line 

than  at  the  crown  and  h^-nce  to  secure  the  desired 

accuracy  the  length  of  division  at  the  crown  will 

need  to  be  made  fairly  short.  The  value  of  ds/l 

to  adopt  so  that  there  will  he  no  factional 

division  is:      ds^  Si/n     where 

I  is  mean  value  of  moment  of  inertia. 

S  is  half  lengths  of  the  arch  ring  measured  along 

the  axis. 

H  is  number  of  divisions  in  one  half  of  the  arch. 

First  we  calculated  the  mean  value  of  i  for 
each  divison  of  half  the  arch  (see  plate«AJ?) 
after  we  had  scaled  the  depths  at  the  mid-points 
of  each  divison.  Knowing  the  amount  of  steel  in 
the  arch  we  figured  the  moment  of  inertia  of  it 
about  thesame  axis.  To  get  the  total  moment  of  in- 
ertia "I"  we  multiplied  this  value  by  15  and  added 
to  it  the  I  (Plate  »A".)   IsI  +15  x 


. 
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The  average  i  X«  i/n  « 3. 4769/14 
The  value  of  dsi  being  known,  the  proper  length 
of  ds  for  any  part  of  the  arch  ring  can  readily 
be  determined.  The  hal£  length  of  the  arch  axis 
was  found  to  be  116.97  feet.  The  first  part 
of  the  table  A  relates  to  the  preliminary  14  equal 
divisons.  Each  equal  to  116.97/10  *  11.607  ft. 
The  resulting  values  of  i  were  ploted  as  shown  in 
plate-3.  The  line  ab  is  116.97  feet  long  and 
was  divided  into  14  equal  divisons  as  1,2, 3, etc. 
At  the  center  of  the  several  divisons  the  values 
of  small  i  were  laid  off  as  ordinates  i  i  i  etc., 
and  the  curve  cd  was  drawn  through  these  points. 

The  area  abcd«  116.97/14X  Tl  -116.97x1^ 
This  area  is  to  be  divided  into  fourteen  equal 
parts  each  equal  to  dsi.  Each  of  these  parts  will 
then  be  equal  to  116. 97xi„/l4»  2.074  as  given  be- 
low table  A.  Begianingat  one  end  of  this  dia- 
gram the  several  equal  areasare  then  laid  off, 


■    ■  •    ■ 
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the  values  of  i  being  scaled  from  the  diagram 
and  ds  is  equal  to  2.074/i.   These  calculations 
are  given  in  the  latter  part  of  table  A,  where 
are  also  given  the  values  of  I  and  d  for  the 
center  points  of  the  final  subdivisiens. 

To  obtain  the  thrust,  shear  and  bending 
moment  at  the  crown  we  used  the  ffrmulaes: 
tt  -  nfiny  -  2m  £y    ■  . 

V  ,  ^(m«T  5J2L- 

°       2£X*- 

1/   Xm-f-2H«,2y 
Mo*      2n 

in  these  equations  the  summationsX'y,  Zy , 
and  Sx*are  for  one-half  of  the  archonly;  the 
summations 2m  is  for  the  entire  arch  and  is 
equal  to2mft+r\;   the  summation  (m^-  mjjx  is 
a  summationof  the  products  S  (m^-iajx,   in  which 

m     and  m    are  the  bending  moments  at  correspond** 
ft  t- 

iug  points  in  the  right  and  left  halves  which  have 

equal  abscissas  x;   and  the  summation  £my  is  for 

the  entire  arch,  but  since  symmetrical  points  have 

equal  y's  this  quantity  may  be  calculated  as  ^fe^WJt/j 


. 
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in  designing  an  arch  it  is  sufficient 
generally  to  determine  the  iuaximum  stresses  at  the 
crown,  the  haunch,  and  the  springing  line.  This 
will  require  sveral  different  positions  of  the  live- 
load.  For  the  crown  the  maximum  positive  moments 
are  caused  when  a  short  length  of  the  arch  at  the 
center  (middle  third)  is  loaded,  and  the  maximum 
negative  when  the  remaining  portions  are  loaded. 
The  maximum  positive  and  negative  momejats^-|  tS8 

haunch  (about  the  1/4  point)  are  caused  when  the 
whole  span  length  is  loaded.  A  condition  was 
also  taken  with  the  half  span  length  loaded. 

The  values  of  x  and  y  in  these  equations, 
were  accurately  scaled  from  the  drawing.  The 
values  of  m  and  m  were  figured  for  the  different 

loadings  and  their  summation  taken  as  shown  in 
tables  BCfflD.  a  simple  substitution  in  equations 

for  F  V„and  M  gave  us  the  values  for  each  of  the 

three  conditions  of  loading. 
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All  the  loads  in  this  design  Were  vertical,  so 
that  the  graphical  method  might  easily  have  "been 

to  advantage  in  determining  the  cantilever  moments 

,i  it 
m. 

With  these  values  calculated  we  lay  out  the 
force  polygons  using  H  as  the  pole  distance  and 
M/H  as  the  distance  above  or  below  the  axis.  The 

equilibmim  polygon  was  indrawn  (  plate  c-2. ) 

and  the  eccentric  distances  obtained.  The  thrust 
was  measured  or  scaled  directly  from  the  true  force 

polygon. 

The  total  bening  moment  at  any  section,   1,2, 
3,   etc.  was  foumcl  from  the  equation  : 

M  =  mtMctHjtV0x 

The  plus  sign  was  used  for  the  left  half  and  the 
minus  sign  for  the  right  half  of  the  arch.  Know- 
ing the  moment  and  thrust  (Table  £;)  at  each  point 
the  eccentric  distances  were  found  since  e  »M/H. 
If  calculations  are  to  be  made  for  more  than  one 

loading  it  will  be  noted  that  the  denominators 
of  the  values  f»r  H0,Ve,  and  M0,do  not  change. 
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Having  the  values  of  the  "bending  manents 
and  eooentricitiesat  each  of  the  fourteen 

points,  the  next  step  was  to  find  the  unit 

stresses  in  the  concrete  and  steel.  Tooaloulate 
these  stresses  we  used  the  formulae  for  simple 
beams: 

c 
TO  faoilate  the  application,  ©f  this  equation, 
Plates  XI II  andXIV  pages  287  and  238  in  Turneaure^ 
and  Maurer"  were  used.  Knowing  the  ecoentrioty 
andddpth"  of  the  beam,  a  simple  division  gave  us 
e/h.  In  the  fir»t  diagram,  values  of  the  eccen- 
tricities ,  e/h,  are  given  at  the  upper  and  lewer 
margins;  the  ordinates  from  the  lower  margins 
to  any  curve  are  values  of  (1 +-24npa*'y4i)/l2fc, 
and  hence  of  ll/bh"^,  for  the  values  p  marked 

^n  that  curve. 
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For  instance  taKe  point  nine  on  plate  0 
e/h  =.  .  353/3.78  « . 0746       wh  3r  ;  p  «  .  5^ 

M  /b&:£  «  o.o635       but  M  =  *6.4 

g ■■>■ 

:.     f    =  464x12/3.78x12   Xl44  s=464#'sq.in. 

in  this  manner  we  figure!  the  unit  stress  in  the 

concrete  for  each  point   in  the  aroh  under  the 

three  loadings.  This  stress  aoours  in  the  upper 
fibres  or  the  arch,  fple  the  value  in  bh  ower 
fibres  is  equal  to   : 

f  =  f  (1-1/t)  vrtiich  is  always  less  than  f^ 
The  stresses  in  the  steel  were  calculated  from 

equations   : 

fs'^nfoCl-dXh) 

f3=  nfc(l-^i/k:h) 
With  the  value  of  e/h  we  found  the  value  of 
l/k  from  figure  33, page  103  Turn,    and  Maurer. 

By  simple  substitution  and  a  little  mathematics 
we  obtained  the  stresses  in  the  steel  which  as  is 

shown  in  plate  c     were  safe,     since  all  the  stresses 
in  the  concrete  and  steel  were  under  the  allowable 
values  ef  fc»600  and  f  1  *>  16000  the  arch  issafe. 
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-TEMPERATURE  STRESSES^- 
The  temperature  stresses  were  obtained  by 
means  of  the  equation: 

El     otln 


H°~     ds    2\jiZy-(Zy)~3 
where  H  is  the  thrust  at  the  crown  produced 

by  the  restraint  of  the  abutment, 
c  =  coefficient  of  expansions.  .0000054 
1  =  span  210*. 
t  ^temperature  fin  degrees=F  =-30 

•1  =  coefficient  of  elasticity  l,500,000#/in. 
I -moment  of  inertia      ds/l  3.1 

H  -  1500000  0X144   x.  00-0054::  50x210x14 

3.1        2JHL4(29l3.85)-129.6ll] 

£  105000000  ^    eS5<0# 
148600 

Ua*  -693x129.6/14=  -6,418.9  ft.  lbs. 

The  equiiibruim  polygon  is  a  fcorozantal 
line  drawn  a  distance  below  the  crown  equel  to 
6418.9/693-9.  26  ft.  The   moment  at  any  point  is 
equal  to  the  thieust  ^multiplied  by  the  vertical 
distance  from  such  point  to  the  equiiibruim  polygon. 


©•miJedniai 
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Expansion  joints  in  the  concrete  were  allowed 
every  50  ft.  and.  consisted  of  a  few  sheets  of  tar 
Baper  inserted  in  the  joint.  Y/hen  not  reinforced 
concrete  will,  under  such  circumstances  crack  at 
intervals,  its  maximum  deformation  under  stresses 
not  being  equal  to  its  maximum  temperature  de- 
formations. It  is  to  be  assumed  that  concrete 
when  reinforced  will  not  stretch  more  than  plain 
concrete,  as  seems  probable,  then  no  amount  of 
reinforcement  can  entirely  prevent  contraction 
cracks.   The  reinforcement  can  entirely,  however, 
force  such  cracks  to  take  place  as  they  do  in  a 
beam,-at  such  frequent  intervals  that  the  requisite 

deformation  takes  place  without  any  one  crack 
becoming  large.  These  temperature  stresses  obtained 
were  very  safe  and  are  entirely  taken  up  by  the 

steel  in  the  arch. 


)£ 


-LOADING- 
Dead  Load- 
Concrete,  inol  -ding  reinforcement  ,*-150#  per 
cubic  foot. 

Asphalt  pavement,  including  6*  concrete 
foundation,  filling  af  gravel  under  pavement,  also 
street  car  construction,  complete  is  140#  per  cubic 
foot. 

Live  Load- 
Street  car=   35  tons)  Chicago  Bridge  Dept. 
Sprinkler*    42  «   J  (See  fig. A,  plate  1.) 
Uniform  load  of  100#  per  square  foot  over  the 
rest  of  bridge  roadway.  Sidewalk  load  equals  60# 
per  square  foot. 

-?ANEL  LOADS- 
Live  Load— 

(See  fig.B,  plate  1. )   Oar  and  sprinkler  are 
shown  as  regards  lenths  over  diaphragm.   we  are 
considering  them  as  placed  side  by  side  so  as  to 
obtain  the  greatest  weight  possible  over  dia- 
phragm.  (Note  I   sketch  does  not  show  them  side  by 
side. ) 


■I 
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We  therefore,  have  over  the  diaphragm  appro x-' 
imately  one  half  of  each,  that  is,   42/2t35/2  + 
s77/3  tons.      This  (77/2  tons)  is  concisdered  as 
distributed  evenly  over  the  (33  ft.)  width  of  the 
diaphragm, 

77/2  X  3200#^  84700^84. 7  kips. 

Remaining  roadway  of  14  feet^lOOjf  per  sq. 
foot.   ioo=f  x  14x15  =  21  kips. 

Sidewalk  *  60?=/  sq.  ft.   60x2x10x15=?  18  kips. 

Totals  84.7  t  21-t- 18  -123.7  kips. 
This  is  evenly  distributed  over  33  foot  diaphragm. 
(For  calculati  >ns  we  consider  diaphgram  as  12"  wide 
across  bridge. 

«\  Live  panel  load  =  123.7/33  =3.75  kips  per  ft. 
width  of  bridge. 

-DEAD  PANEL  L0ADg_ 

Note]  (see  fig.o,  plate  1. )   Dead  panel  load 
takes  in  mat  erial  from  lines  AA  to  BB. 
P,  y-36'   (fig.D,  plate  1.) 

Assume  diaphragm  as  13»  thick = 1  foot-6» 

Its  volume  =36'  X  1  5/lOxl1^  540u.ft. 

54xl50#-  S.lkips. 
Distance  6,  of  arch  rib  is  17  feet. 


. 
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Thickness  = 4  1/2  feet.  Width  taken  as  1  ft. 
Volumes17x4  l/2xlw77  cubic  feet. 

77xl50#sll.55  kips. 
Roadway  floor-slab  assumed  as  8"  deeper  2/3  feet. 
Weight  per  foot  of  length  across  the  bridge  is 

15  x  Ix2/3xl50#  =  1.5  kips 

Sidewalk  assumed  as  6"  deep. 

(2  X  15  X  10  x  1/2  x  150#)  -T-  333S.75k.  per 

foot  width  of  bridge. 

8"  pavement,;  consisting  of  asphalt  etc.  Weight 

per  ft.  width  of  bridge  is  140x15x2/3  1.4  kips 

Total  dead  load«* 

8.1+- 11.55+  1.5  +»  .75 -M.  4*23.30  kips 

Total  Live  load  -  5.75  kips 

Total  «  P     =  27.05kips 

y  x  26 '   26x1  1/2x1  w  39cu. ft.   a^»  17  * 
Thickness  - 41/4  feet    59xl50#  -  5. 85k 
17  X  4  1/4  X  I  X  I50#s:  10.95  kips 

Floor  slab  srl.5  K.       Paveme&t  s   1.4  fc. 
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-P4- 

y^=  12'     12  x  I  1/2  x  I*  18  ou.  ft. 

a4=  16.5  x  3.5  x  I  x  I50#  =  8.7  K. 
18  X  I50#«2.7  K. 

Sidewalk,  floor,  pavement.,  =  3. 65  K. 
D.  L.^  15.05  K. 
L.  L.  =5.75  K. 
Total  «  18.8  K.«=  panel  load.  P  . 
-P- 

5" 

yg.-8  feet.  8  x  I   1/2  x  I   x  I50#~1.8  K. 

a -15.5X3.25   ft.  8X1   1/2  X   I   x   T50#=1.8   K. 

15.5     X5.35  X  I   x   I50#=7.65   K. 

Sidewalk.,   etc.,      3.65  K.  D.   L. -*I3.I  K. 

L.    L.  =    5.75  K 

Panel  load  P^..  Total  *  16.85  K. 

o 

y^e'      6x1   1/2x1x150  =  1.35  K. 

a^    15x3       15  x  3  x  I  x  ISOjfare^  K. 

Sidewalk,   pavement,   etc.,  =  3.65  K. 
P.    L. «  If.I  K. 

L.    L.    -   5.75  K. 
Total    «  15.5  kips     panelload  P  . 


!  7 


. 


. 
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Tetal  dead  load  equals 

5.85  +  10.95  -f  1.5  r. 75+  1.4  a  30.45 
Live  load  equals   3.75 

Total  Panel   load  P  *  3.75+-20. 45=  24.20  K. 

2 


y3»  18'        18  x  I  1/2  x  I  fc27  cu.   ft. 

a.*  16.5  ft.        thickness   is   3.75  ft. 

16.5  x   3.75  XI   x  I50#  =  9.285  It.      27   X   I50#e4.©5  k. 

Floor,   sidewalk,   pavement  sane  as  above =  3.65  K. 

D.    L. r  16.985  K. 

L.    L.    *   5.750   K 
Total        =   20.74  K.     panel  load  P3 


y    K  5ft.        5X1   1/2  x  I  fc7.5  cu.    ft. 

a  a  14.5  x  3  14.5  X   3.x  I   x  I50#&  6.525  K 

1 

7.5  X  I50#sI.I25  K. 

Floor,   sidewalk, and  pavement »  3.65  K. 

D.    L.    =  11.30   K. 

L.    L.      =r    5.75   K 

Total  -  15.05  K.  panel  load  P. 


. 
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DESIGN  <ST   KDKETALE 

AND) 
FLOOR  SYSTEM. 


The  floor  system  consists  of  reinforced  con- 
crete slabs  resting  on  floor  longitudinal  girders 
or  stringers,  spaced  as  shown.   The  two  inside 
stringers  are  spaced  10'-0»  c.to  c,  being  di- 
rectly under  the  center  lines  of  the  tracks.  The 
sidewalk  slabs  are  supported  toy  the  outside 
stringers  and  by  beams  caeeiwd  on  the  ends  of  cant- 
ilevers placed  every  15*  (Fig.B.  Plate-11. ) 

-THE  SIDEWALK- 
Live  load  on  sidewalK  »  60^  per  square  foot. 
The  width  of  the  sidewalk,  and  hence  the  span  of 
the  the  slab,  is  taken  as  10' -0».  From  Turneaure 
and  Maurer  Reinforced  Concrete  Construction.  Table 
21,(7)  page  398,  we  find  that  for  this  span  and 
loading  a  6"  slab  may  be  used,  for  a  value  of  the 
bending  moment  of  1/12  Wl  .  The  required  area  of 
steel  per  foot  of  width  for  this  slab  is  .385  sq. 
in.   This  will  be  furnished  by  steel  rods. 


, 


- 
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LONGITUDINAL  BEAM  AT 
OUTSIDE  OP  WALK. 


A  rectangular  cross-section  will  be  used. 
Span  of  beam  =r  15'-0". 
Dead  load: 

Assume  weight  of  beam=300^  per  linealfoot, 

and  weight  of  hand  rail^650#/ft. 

Weight  ofsiidewalk  slab  per  sq.  ft.*73#. 

Weight  of  slab  talcen  by  beam  (1/2  sidewalK)- 

5x15x73  -  5480# 
Weight  of  beam ^  15x300   =4500 

Weight  of  rail"         15x650   =9750 

Live  load  at  60#/  ft.  =  60x5x15    =  4500 

Total     24230# 

Max.  bending  moment  -  l/8wl. 

=  1/8x24200x15x12  =$453000  im.  lbs. 

M  =  f  Ax  7/8d.  M  =f*xl/6bd. 

s   s     /  c  c   ' 

Assume  "b""^" 

d=  6M0      540000x6  g  450.-  dgi.g 
12X600  ~     12x600 

use  22". 

As  «   „  _M3   _  8X540000     fc  x  ?6  gq   in 
T  fsd  "     7X22X16000  - 

This  area  is  furnished  by  5/8"  bars  spaced  2 

c.to  c.  Total  depth  of  beam  should  be  made  25". 


' 
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-DESIGN  OF  CANIILEVER- 
This  will  be  designed  as  a  cantilever  beam 
having  a  single  load  at  the  end,  due  to  the 
weight  oft  he  team  just  designed. 
Weight  of  one  girder,  including  slab  and  rail  24000/- 

The  general  dimension  of  the  beam  will  be  as- 
sumed, and  the  reinforcing  figured  ;  as  it  will  be 
of  such  shape  as  to  be  of  nearly  uniform  strength, 
the  uniform  load  due  to  its  own  weight  will  not  be 
considered. 

Maximum  moment  due  to  load  P  at  end  M  PI. 
M-=  24000x15  *  360000  ft.  lbs,=  4320000  in.  lbs. 
Shear  at  cany  point-  2  4000#.  Therefore  the  re- 
quired area  at  an  allowablw  shearing  stress  of 
100#/sq.in.  ss-240   sq.  in.    Make  the  beam  12x20 
at  least. 

7   fsd 

-FLOOR  SLAB- 
The  live  load  upon  the  floor  slab  is  100^/sq.ft. 

as  per  specifications.  From  Table  21,  Turneaure 

and  Maurer,  as  for  the  sidewalk  slab,  the  thickness 


; 


- 
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•f  slab  for  a  span  of  11.5  ft.  and  a  loading  of 
200//f*.  (U   1/12  wl**)  is  8".     .547  sq.  inches  of 
steel  are  required  ;  this  is  furnished  by  3/8"  bars, 
2"  apart, 

This  will  be  designed  as  a  T  beam  with  a 

flange  tfcickness  of  8"  (floor  slab.) 

Assume  weight  of  girder    =  100G#  per  lineal  ft. 

Weight  of  slab  98   •     ■    ■ 

Live  load  lOfrg  ■     »    ■ 

(consider  as  dead  load) 198* 

Dead  load  on  girder 

Slab  at  198^/sq.  ft.         1980# 

Girder  1000 

Total-  2980# 

Bending  moment  M^*  1/8x236  0x^x12  =  1008000  »# 

The  live  load  is  furnished  by  a  sprinkler  weigh- 
ing 42  Tons  per  oar.  This  is  on  two  tmoks  16*4" 
c.  to  c   21  Tons  per  truck.  The  maximum  moment 
occurs  with  the  load  at  the  centre. 


zs 


Mu«  42000x15/4  X  12*  1890000  *§> 

Total  moment c  M  i  Ms  1890000  -t  1008000 
=-2898000»# 

-SEEAR- 

The  maximum  shear  occurs  at  the  supports 

when  the  truck  is  just  leaving  the . span. 

This  shear  is  21  tons  «  42000# 

Dead  load  shear  » 2980x15/2-21400 

63400jp  Total  shear 

Allowable  shearing  stress  sl00#/sq.  in. 

Area  of  concrete  required*  63  4  sq.  in. 

Owing  to  the  arched  form  of  the  spandrels, 

this  area  will  be  provided  for  at  the  ends.  It  will 

never  he  required  at  the  center,  as  the  sketch  Fig. 

*  "  ... 

0,  PI.  11.  shows.  The  maximum  shear  which  can  exist 

at  the  center  of  the  span  is  42000/2*21000#,  and 
it  may  he  considered  ae  varying  uniformly  towards 
the  end.   This  shear  would  require  only  210  sq.  in* 
We  will  use  560°  and  assume  that  the  arch  will  take 
the  shear  between  the  quarter  point  and  the  supports. 
560  sq.  in.=l4"x40",  16»'35",  or  20«x''8»  section 
Try  16"  x  35",  with  3"  flange.  From  plate  X,Page 
284,  "flireaure  and  Maurer,  for  t/d*s/35*.2s3b,  ^ 


■ 
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and  fc«600,    ;j».905  and  M/bd-85 

jdx  .905x   35=31.7 

hd*=  2898000/85=34100     .:    t>s34100/3>  =  27.9"    say    28" 

M  _         2898000  .  -    „ 

As~fld  ""     31,7x16000      °* 

Uee  e  at  7/8»  3.60  and  5  at  3/8  2.20,  Total 
area  5.80  gee  figure 'V  PI.  XX  for  arrangement  of 
rods.   Distance  of  centre  of  gravity  of  reinforce- 
ment from  |  of  bottom  row=2.2x2.5/5.30=a.52 

Total  depth  of  girder  35  *•  1.52  *  2.5=80"* 

These  rods  will  be  turned  up  at  intervals,  to  assist 

in  over  coming  the  shear.  The  points  at  which 

they  may  be  turned  up  are  found  from  the  follow ing 

formula :  

X=lyjT  /v^a3f-+an 

X  being  the  unbent  lengths  of  rod  required  to  re- 
sist bandind  moment  and  a^,  a^,eto.  the  areas  of  the 
rods. 


: 
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-LENGTHS- 

No. 

of 

1 

rod. 

a 

* 

i 

a„+-^  a 
.44 

2 

88 

3 

1. 

,52 

4 

1. 

78 

5 

2. 

,20 

6 

2. 

,80 

7 

Si 

,40 

8 

4. 

,00 

9 

4. 

,80 

10 

5. 

,20 

11 

5, 

,80 

X 
4.13 

ft. 

5.85 

it 

7.15 

tl 

8.26 

II 

9.25 

It 

10.42 

II 

11.50 

II 

12.45 

It 

13.  35 

it 

14.20 

If 

15.00 

It 

The  lenth  of  rod  required  to  develope  a  bond 
strength  equal  to  the  wording-  strength  equals 
16000/4x75=  53. 4d.  This  47"  for  a  7/8"  rod;  and 
it  is  "ell  provided  for,  as  shown  by  the  above  table. 
The  rods  will  be  arran  ;ed  as  follows ,  the  unbent 
lengths  being  given  in  eaoh  oase: 


2  at  8*0  » 

3  i»  9«-0» 

2  rt  il» -Q it 

3  "  13 
3  »  15 


.0"  )  These  rods  tj  3on- 
'-0")  time  3ver  supports. 


. 


. 


We  will  now    find   the   Joint   a*  -7!ii^h  the  sheading 
stress   beoomes  equal  to  lOQ-^/sq.  in.   as  beyond  that 
point   sirrups  will  he  required.     Tine  stress  at  the 
sentre  equals  49000/  560»75;yper  sq. in. 

The    taxintuin  shear  at  any  point  distant  x  £r 
the   3entre?2X/  15x21400i-2X/l5x4300O-t-43000,   and 
it  becomes      iua        i    U>-:/  4.  in.   when  56000-42000== 
2X/15X   63400. 

3X/l  :  ;»I4000     ,-.   Tfcel.  55 

Stress  oarried  by  concrete  equals  30#/sq.  in. 

»  ii  n   steel  "        7'>;  "      » 

Use    ./•  <ups   in    louble  loop.      Value  at    .2000 

sq.in.*  I  1.2  »9600jf  .  =  '       ;     =    . 

Space  9»   ap  irt  thr    ig 
-INVESTIGATION   OF  FLANGE  FOR  SKEAR- 
The  width  of  the  web  of  the  girder  is  less  than 
the  width  of  tracS:   c.too.   of  rails  so   that  the  :» loor 
slat  un<  i  r  the  •  h<  el  is  the  condition  o\   i    bej  m 

load  P  at    the  point  where   the  rail  lies.     It 
-.  .    l  be  co n  for  purposes  ©4   J  .  as 

a  oatftilever  with  a  load  P  at    the  end. 
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Ita  length  equala  (5Q;5-16)£x.5*20.25,».  The 

■r:!:;i'i  if  one  wheel  ia  tsooo/^i'iosoo^. 

3e.Ui  i  '  .io.ni;    squ     .  ■     ,  :      .25=21  J500"  J. 

*«i050     \       trea    'equi      .      [uais   105a" 
105/8*13    L/6P*.       '      j    La    ihe   required  width  of 
slab  over  >e  "&is- 

:•  '  -  -  Lf  tlhe    >"    slab  is    .  -    >a    safe.       is     he 

da    ire  more  than      ■'*     ..•..,    the1      »  1 

should  be-,  safe '.enough.     A.  !•  fi]     -'•■ 

of  girdter. 

-i  ■  -        '       Bel 
±  M  1.13500  Q 
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-ABUTMENT- 
(See  Plate  4.) 
Figure  »Att. 

in  figuring  size  of  abutment  it  is 
necessary  to  know  the  maxiimua  thrusts,  at  springing 
line  due  to  arch  action  and  also  the  vertical  force 
acting  downwards  of  that  amount  of  concrete  which 
we  will  consider  as  consisting  the  abutment. 

Column  marked  «»C»  and  blook  of  solid  con- 
crete marked  "B"  in  the  sketch  are  those  portions 
which  shall  constitute  the  abutment.  (Odlumn  0  is 
hollow  as  shown  in  both  figs.  A  and  B,  its  in- 
terior being  filled  completely  with  earth  A. ) 
-VERTICAL  EORCE- 
Weight  of  column  marked  WCM. 
Bear th :  441x9 » X37 » xl20#*17  58240#. 

Concrete:  (  2x3lxl21x44,xl50#) 

(   2X3'X37»X44'X150#)  ""    1549800^ 

Total  weight  =»1758240#^-1549800#  a  33C80G0#. 

Weight  per  foot  width  of  bridge: 

3308000r33=100000#=lDO   kips' 


- 

■ 
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height  of  block  »B«: 

30,x32,xI,xI50#-I44000j£per  ft.  width  of  bridge. 

Total  downward  vertical  pressure: 

I44000;f-f  I00000#=244  kips 

Center  of  gravity  of  the  two  portions,  col- 
umn "C"and  block  "B"  is  found  and  from  it  is 

drawn  verticallydownward  a  line.  Maximum  axial 
thrust  of  arch  (217  k. )  is  drawn  in  direction  of 
action.  This  line  cuts  the  vertical  line  at  point 
as  shown  in  Fig.  A.  Prom  this  point, and  to  a  cer- 
tain scale  is  laid  off  244  K.  &  2I7K. 

Their  reaultant  as  shown  must  and  does  pass 
within  the  middle  third  of  the  block  »Btt.  Therefore 
the  dimension  of  »B"  and  "C"  are  correct. 
-PILES- 

Vertical  downward  force  ef  abutment  as  found 
above  :   3,308, 000#     (See  Fig.  "C  Plate  4) 

Formula  for  resistance  "R»  of  one  pile: 

R  =■*  ?wh_      h*20  Wdrop  of  hammer.   ¥-3000-/  =* 

"     S4-  I 

weight  of  hammer.    s  =*  I "  =  distance  pile  is  imbedded 


at  last  blow  of  hammer. 
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